Context: Epidemiologic analyses of gabapentin use and cancer risk in Kaiser Permanente Northern California were previously carried out in a collaborative study and independently evaluated in a UK database.
INTRODUCTION
In 2011, we participated in a collaborative study, headed by Michael Irizarry, MD, MPH, of GlaxoSmithKline Corporation, Research Triangle Park, NC, regarding the relation of gabapentin use to the risk of cancer development. 1 High doses of gabapentin, an anticonvulsive and analgesic pharmaceutical drug, had been found to be associated with the development of pancreatic acinar cell tumors in male Wistar rats, 2 which prompted that study.
For that study, our previous case-control screening of pharmaceuticals for possible carcinogenicity in Kaiser Permanente Northern California (KPNC) 3 was used to identify possible gabapentin-cancer associations in humans, which were independently evaluated in the UK General Practice Research Database (GPRD). 1 This computerized database, now called the Clinical Practice Research Datalink, contained anonymized data from patient records in the UK collected since 1987. Compared with no dispensings, 3 or more dispensings of gabapentin were minimally associated (odds ratio [OR] > 1.0, p < 0.05) with 9 cancer sites in KPNC members. These cancers were of the breast, lung/bronchus, urinary bladder, kidney/renal pelvis, stomach, anus/anal canal/anorectum, penis, other nervous system, and any cancer. 1 Only 1 of these, kidney/renal pelvis cancer, would meet our stricter screening criteria for limiting false-positive results (OR ≥ 1.50, p ≤ 0.01, higher risk for ≥ 3 dispensings than for 1 dispensing), suggesting dose response. 3 We suggested that this was subject to likely confounding by cigarette smoking and hypertension, but this possibility was not confirmed in additional analyses. There were 2 statistically significant associations in the GPRD analyses: Pancreatic cancer and renal cancer, but for both cancer sites there was no evidence of dose response or evidence for protopathic bias (prescribed for symptoms of cancer before diagnosis).
We now have 7.5 more years of followup data ( January 2007-June 2014) for cancer occurrence and conducted the present study of gabapentin solely within KPNC and completely independent of the previous collaborating investigators. Our goals were to reevaluate previous associations and evaluate those newly found.
METHODS
As approved by the institutional review board of the Kaiser Foundation Research Institute, we have screened pharmaceutical drugs for possible carcinogenic effects in a research database of KPNC, an integrated health care system that currently has approximately 4 million subscribers. Data include records of prescriptions dispensed from KPNC pharmacies, clinical and laboratory data, and a cancer registry that reports to the California Cancer Registry and the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program. 4 Case-control analyses using conditional logistic regression are conducted in a cohort of subscribers with at least partial coverage of prescription costs and with membership starting on or after January 1, 1996, and followed-up until they left membership for any reason or June 30, 2014, whichever came first. Almost 100% of this cohort obtained all their prescriptions from KPNC pharmacies. 5 The earlier collaborative study 1 also encompassed pharmacy records from August 1, 1994, through December 31, 1995, which were not included in the newer research database. Up to 50 individuals without cancer (controls) are selected for each patient with cancer (case) and matched for age, sex, and year that KPNC membership began. The index date is the date of diagnosis for cases and the same or nearby date for controls that gives them equal follow-back time for ascertainment of drug exposure. Because of their increased risk of several cancers, patients who are positive for HIV infection were excluded from the study cohort. 6 All analyses exclude subjects with previous cancers at any cancer site, include a 2-year lag (ignore prescriptions within the 2 years before the index date), and are controlled for race/ethnicity.
For the previous collaborative study, 1 gabapentin-cancer associations were identified simply if the OR was greater than 1.0 and p < 0.05. Although the 2-year medication lag was used, there was no control for race/ethnicity, and HIV-positive subjects were excluded only in the analysis of cancer of the anus/anal canal/anorectum. The 9 cancer sites that met these criteria (listed in the Introduction) were analyzed again using the same criteria. We also screened all 56 cancer sites using our more stringent criteria (OR ≥ 1.50, p ≤ 0.01, higher risk for ≥ 3 prescriptions than for 1 prescription as an indication of dose-response). Because the 4 cancer sites that previously screened positive have cigarette smoking and alcohol use as established risk factors-mouth/pharynx, 7 esophagus, 8 liver, 9 and vagina (alcohol use possible) 10 -we conducted multivariable analyses adding these 2 variables to the models. On the basis of oral and written questionnaires used in clinical encounters (using the earliest available record), cigarette smoking was classified as current, former, unknown, and never (reference), and alcohol use was classified as unknown, used less than 3 drinks per day, used 3 or more drinks per day, used unknown amount, and none (reference).
We conducted several sensitivity analyses to examine other potential confounding or biasing factors. These included controlling for socioeconomic status (using 2 available measures: Census block of residence and educational level); omitting alcohol use from the multivariable model because of incompleteness of the data; controlling for use vs nonuse of other antiepileptic drugs; analyzing users of gabapentin with epilepsy (ascertained by clinical diagnosis or receipt of antiepileptic drugs) separately from other users of gabapentin, many of whom probably received it to control pain; analyzing by cumulative dose received rather than the number of prescriptions; and changing 2-year lag to no lag to include all prescriptions received up to the index date.
RESULTS
Reanalysis using the original weak criteria with 7.5 additional years of follow-up yielded reduced ORs and loss of statistical significance for cancers of the breast, urinary bladder, stomach, anus/anal canal/ anorectum, and other nervous system. Cancers of the kidney/renal pelvis and the penis had lower but still statistically significant ORs with longer follow-up, and associations with lung cancer and all cancers combined showed very little change and remained significant (Table 1) .
Findings with New Screening Criteria
None of the original 9 cancer sites met our more stringent screening criteria. Four other cancer sites did: Mouth/pharynx, esophagus, liver, and vagina. 
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with the other cancer sites, adjustment for cigarette smoking and alcohol use reduced ORs moderately.
The full models with results for 1, 2, 3, 4 to 7, and 8 or more prescriptions and for all categories of race/ethnicity, cigarette smoking, and alcohol use in relation to the risk of each of the 4 cancers are provided as Supplemental Tables 1 to 4 , available at www.thepermanentejournal. org/files/2018/18-040-Suppl.pdf.
Although the previous collaborative study was prompted mainly by experimental evidence of an association of gabapentin use with pancreatic cancer in rats, 2 we again found no statistically significant association of gabapentin with this cancer site; the OR for 3 or more prescriptions vs none was 1.15 (95% confidence interval [CI] = 0.95-1.40) based on 109 cases and 4634 controls. One cancer site, rectum/ rectosigmoid, met our analogous strict screening criteria for a negative association OR less than 0.67 for 3 or more prescriptions vs none and more negative than the OR for 1 prescription vs none. The findings for this cancer site were as follows: 
Sensitivity Analyses
The addition of indicators related to socioeconomic status yielded ORs virtually identical to those absent of this change ( Table 3) . Exclusion of alcohol use from the model resulted in slightly higher ORs for all number-of-prescription categories for all 4 cancer sites ( Table 3 ). The opposite was true when use vs nonuse of other antiepileptic drugs was added to the model, with slight decreases in all numberof-prescription categories for all 4 cancer sites (Table 3) .
About 30% of gabapentin-using cases had a diagnosis of epilepsy or used another drug for treatment of epilepsy. For example, of the 154 gabapentin recipients among cases of the most frequent cancer site, mouth/pharynx, 49 (31.8%) had a diagnosis or other drug for epilepsy (epilepsy subgroup), and 105 (68.2%) did not (nonepilepsy subgroup). These 2 subgroups of gabapentin users were entered separately into the multivariable analysis. For mouth/ pharynx cancer, ORs were somewhat lower in the epilepsy subgroup than in the nonepilepsy subgroup for only 1 and for 8 or more prescriptions. This was also the case for 3 or more and 8 or more prescriptions in relation to esophageal cancer and for all 3 prescription categories in relation to liver cancer.
Regarding vaginal cancer, the subgroups differed markedly. The nonepilepsy subgroup showed no statistically significant increases in risk and the users of only 1 prescription had the highest OR, 1.76 (95% CI = 0.4 2-7.34). The smaller subgroup, those with epilepsy, had high and statistically significant ORs ranging from 6.21 (95% CI = 1.77-21.78) for only 1 prescription to 7.91 (95% CI = 2.91-21.48) for ≥ 8 prescriptions. Because of small numbers, all CIs were wide, and there was considerable overlap of the CIs between the epilepsy and nonepilepsy subgroups, reducing confidence that they truly differ (Table 3) .
ORs from the multivariable analysis by cumulative dose (Table 4 , Model 2) are best compared with multivariable analysis by number of prescriptions ( Table 2 , Model 2), both controlled for cigarette smoking and alcohol use. ORs in the highest categories of cumulative dose, 60 g to 149 g and 150 g or more, were very similar to those for 3 or more gabapentin prescriptions for association with cancers of the mouth/pharynx, esophagus, and liver. For vaginal cancer, the OR for a cumulative dose of 60 g to 149 g was lower (but based on only 1 exposed case) and for 150 g or more was higher, but the CIs for both of these cumulative dose levels were wide and clearly encompassed the OR for 3 or more prescriptions. The findings for differences between gabapentin users with and without epilepsy on the basis of cumulative dose (data not shown, available from the authors on request) were similar to those based on number of prescriptions. Notable was this difference for risk of vaginal cancer among those who had received at least 150 g of gabapentin: OR with epilepsy of 11.32 (95% CI = 4.93-25.99); without epilepsy, OR of 0.99 (95% CI = 0.13-7.44).
A change from a 2-year lag to no lag between ascertainment of gabapentin use and the index date had variable but little effect on ORs on the basis of number of prescriptions (Table 3 ). For cancer of the mouth/pharynx, the OR was somewhat lower for only 1 prescription and somewhat higher for 8 or more prescriptions, the latter becoming statistically significant. For esophageal cancer, the OR was somewhat higher for only 1 prescription and somewhat lower for 3 or more and 8 or more prescriptions, with loss of statistical significance for the former. For liver cancer, ORs for only 1 and for 3 or more prescriptions were somewhat lower and very slightly higher for 8 or more prescriptions. All were somewhat lower for vaginal cancer, the largest reduction for only 1 cancer. Removal of 2-year lag had little effect on the findings for cumulative dose (Table 4) . CIs were narrowed for all no-lag analyses because of increased numbers of gabapentin users in all categories.
DISCUSSION
Findings with 7.5 additional years of follow-up confirmed only the weak associations for lung cancer and all cancers combined found earlier, 1 and none met the stricter criteria 3 that we now use for screening drugs for possible carcinogenic effects. Four cancer sites screened positive by our stricter criteria.
We believe that it is important to look carefully at the findings when patients fill only 1 prescription for a drug. They include persons who did not take the drug or took very little of it because of side effects or perceived lack of benefit. Because most prescriptions in our setting are for 100 days or less, we doubt that such short-term use has biological plausibility in causing cancer. Thus, a notable positive association involving just 1 prescription probably represents confounding by indication where the condition that led to prescribing the drug is more likely associated with cancer risk than the drug itself. This would appear to be especially true if the relative risk for 1 prescription is similar to those observed for several prescriptions. Viewed in this way, the large multivariable relative risk of 1 prescription of gabapentin for vaginal cancer and the similarity of the 1-prescription and 8-or-more-prescription multivariable relative risks for mouth/pharynx and for liver cancer likely represent confounding by indication.
Our measurements of cigarette smoking and alcohol consumption were clearly crude. For example, cancer of the mouth/pharynx was the most frequent cancer site studied, with 3670 cases (Supplemental Table 1 , available at www.thepermanentejournal.org/ files/2018/18-040-Suppl.pdf ). Of these, 767 (21%) had unknown smoking status, and no quantity and duration were specified for current and former smokers. Alcohol use was even less clear, with 2872 cases (78%) with unknown consumption, and an additional 248 (7%) who drank alcohol but the amount was unknown. Thus, they provide very limited control in Model 2 for these important risk factors for cancer of the mouth/pharynx, esophagus, and liver. Nevertheless, the fact that ORs were consistently reduced when they were added to the model suggests that these exposures, if more accurately measured, could account for much of the apparent associations of gabapentin use with these cancers. Even the notably incomplete data regarding alcohol use appeared to indicate confounding by alcohol use, as evidenced by slightly less attenuation of relative risk when this variable was excluded in a sensitivity analysis. Lacking clear evidence for confounding by indication for esophageal cancer, we suggest that associations with cigarette smoking and alcohol might be more important in explaining this cancer's association with gabapentin use. The ORs for vaginal cancer were also moderately reduced when these variables were added. The most important known risk factors for vaginal cancer appear to be mother's use of diethylstilbestrol (DES) during pregnancy and human papillomavirus infection. 10 We did not have information about these risk factors.
The most striking finding of all the sensitivity analyses was the marked difference in relative risk of vaginal cancer between gabapentin users with and without epilepsy-high risk for the epilepsy subgroup and virtually absent for the nonepilepsy subgroup. This finding was markedly different from this comparison for the other 3 cancer sites, which were mildly in the opposite direction. The difference in risk for vaginal cancer between the 2 indications for gabapentin should be verified in larger numbers of patients. Because epilepsy is not a likely risk factor for vaginal cancer, further study of women with epilepsy in whom vaginal cancer develops may explain our finding.
Other antiepileptic drugs were considered as possible confounders. A variety of evidence suggests that phenobarbital and phenytoin are possibly carcinogenic. 11 Varying slightly with cancer site, phenobarbital was received by approximately 10% of users of other antiepileptic drugs and phenytoin by about 18%. Valproate (used by about 16%) has been suggested as possibly preventive because of its antiproliferative effect on cell lines. 11 We participated in a collaborative study with outside investigators who hypothesized prevention of breast cancer in humans by valproate, but a negative association was not confirmed (unpublished written data). In a sensitivity analysis, we controlled for use vs nonuse of antiepileptic drugs other than gabapentin. The increase in ORs went in the direction expected with negative confounding (ie, not contributing to increased risk), and the changes were minimal. The 3 drugs (phenobarbital, phenytoin, and valproate) were each received by a relatively small proportion
